(κ = 0.81). A moderate correlation was found for ellipsoid zone integrity (κ = 0.69) and configuration of the vitreomacular interface (VMI) (κ = 0.69). A weak agreement was found for retinal pigment epithelium atrophy (κ = 0.51) and external limiting membrane integrity (κ = 0.35). Conclusion: Wide-field OCT imaging may be beneficial for evaluating DME, particularly for assessing the VMI and the integrity of hyperreflective bands.
nal pigment epithelium (RPE) and the photoreceptor layers can be quantified [3, 4] . The technology of OCT has been steadily improved. One of the advancements is the widening of the scanning angle, with modern technology being able of process up to 100° in a single image [5] . This allows a greater area of the retina to be imaged and thus examined at once, which could potentially be of great benefit for the diagnosis, treatment decision, and even understanding of the pathophysiology leading to retinal diseases [6] . Several wide-field OCT systems have been developed using e.g. extended-field imaging or imaging montage [7] [8] [9] [10] [11] .
For the monitoring of DME patients during treatment, standard 30° spectral domain OCT (SD-OCT) is commonly used, but with wide-field SD-OCT becoming commercially available, we wanted to examine whether 55° wide-field SD-OCT is superior compared to regular 30° SD-OCT imaging for the diagnostic assessment of DME.
Methods

Patients and Setting
The study adhered to the tenets of the Declaration of Helsinki and was approved by the local ethics committee at Inselspital. This cross-sectional study included Spectralis 55° wide-field and conventional 30° SD-OCT of the eyes of participants with DME.
Conventional and wide-field SD-OCTs of 50 consecutive patients from the Outpatient Clinics of the Department for Ophthalmology, Inselspital, University Clinic Bern with a diagnosis of DME were retrospectively assessed. All SD-OCT images were acquired using the Spectralis SD-OCT (Heidelberg Engineering, Germany) system (Heidelberg Eye Explorer 1.9.10.0) and were scanned using the 55° wide-field SD-OCT module consisting of a 55° wide-field lens and a dedicated software as well as the regular Heidelberg 30° lens on the same day. The 55° high-speed wide-field volume scan pattern included a 55° × 25° vertical raster scan pattern consisting of 31 section scans (distance between scans 240 μm), with each scan 9 times averaged. The corresponding 30° high-speed volume scan pattern consisted of a 30° × 25° vertical raster scan with 31 section scans (distance between scans 240 μm), each scan 9 times averaged. Hence, the horizontal area scanned as well as the distance between the scans were equal, and only the vertical extension of the scans (30° vs. 55°) differed between both scan patterns. As the integrated follow-up mode on conventional OCT does not allow the acquisition of 55° OCT using the respective follow-up function, the authors payed particular attention to the location of the scans in order to allow accurate scan by scan comparison. Two representative images for the 30° and 55° wide-field SD-OCT are shown in Figures 1 and 2 . Only high-quality, well-resolved raster scans with a minimum of 20 dB signal-to-noise ratio were included for analysis [12] .
The volume scans including all 31 images were analyzed according to a standardized grading protocol, which included presence of SRF, intraretinal fluid (IRF)/cystoid macular edema (CME) in the outer nuclear layer (ONL), inner nuclear layer (INL), ganglion cell layer (GCL) and retinal nerve fiber layer (RNFL), presence of epiretinal membrane (ERM), integrity of the external limiting membrane (ELM), the ellipsoid zone (EZ) and the RPE, presence of HE, MA and cotton-wool spots (CWS), and configuration of the vitreomacular interface (VMI). The height of SRF and the cyst area were evaluated in the central line scan. SRF was defined as a hyporeflective area between the RPE and the photoreceptor layer >100 μm in horizontal direction [13] . CME was defined as round or oval areas of low reflectivity with a minimum size of 25 μm in any direction [14] . ERM was Representative example of DME assessed with conventional 30° SD-OCT (top) and 55° wide-field SD-OCT (bottom). defined as a hyperreflective band attached to the internal limiting membrane [15] . HE were defined as irregular intraretinal accumulations of hyperreflective material with a typical shadowing below [16] . MA were defined as oval and well-demarcated intraretinal ring-like lesions [14] . CWS were defined as homogenous localized lesions of intensive hyperreflectivity at the level of the RNFL associated with light attenuation below [16] . The VMI was classified as complete posterior vitreous detachment (PVD), incomplete PVD, vitreomacular traction, vitreomacular adhesion, or posterior vitreous attachment. Complete PVD was graded as present when the vitreous boundary was not visible at all on any SD-OCT scan [17] . Incomplete PVD was present if the preretinal hyperreflective band was visible above the SD-OCT scan with no contact to the macula [17] . Vitreomacular traction was graded when the preretinal vitreous boundary induced macular traction and caused foveal distortion [17] . Vitreomacular adhesion was present if the hyperreflective vitreous layer was still in contact with the central macula ( ≤ 4,000 μm in diameter), but was detached at the borders of the scans without leading to macular traction [17] . Posterior vitreous attachment was present if the vitreomacular adhesion was >4,000 μm in diameter or the vitreous boundary was in continuous contact with the macula [17] .
For CME, graders marked the area of the central cyst with the greatest extent on the central foveal scan using the measuring tool of the Heidelberg software. Two independent, experienced graders from the Bern Photographic Reading Center (M.R.M., H.G.-Z.) assessed and graded the images based on the predefined grading protocol. After reader agreement analyses, grading discrepancies were resolved by a reader consensus grading of both graders.
Statistical Analyses
Statistical analyses were performed with the SPSS (IBM, SPSS Statistics, Version 21, SPSS Inc., Chicago, IL, USA) software. Cohen's κ coefficient was employed to quantify intergrader agreement. After concordance analyses, a consensus grading was performed, and the respective consensus datasets of the 30° and 55° SD-OCT were then compared using Cohen's κ in order to evaluate the concordance between the conventional and the wide-field SD-OCT. For congruence in numerical data, Pearson correlation between the measurements on the conventional and wide-field images was obtained. p values <0.05 were considered statistically significant. Values are given as mean ± standard deviation. 
Results
This study assessed 56 eyes. Six eyes were excluded due to poor image quality, thus 50 eyes of 50 patients (mean age 50 ± 26 years) suffering from DME and receiving continuous intravitreal injections with ranibizumab or aflibercept were included. Intergrader agreement (κ) of selected anatomical features ranged between 0.79 and 1.0. Details can be found in Table 1 .
Agreement between Conventional and Wide-Field OCT
A perfect agreement was found in terms of detection of IRF/CME and SRF (κ = 1.0). An excellent agreement (κ ≥ 0.9) was found for the presence of IRF in the ONL or INL, the presence of an ERM, and the presence of CWS. A strong agreement (κ = 0.8-0.9) was found for the presence of IRF within the GCL and the RNFL as well as the presence of HE and MA. A moderate agreement (κ = 0.6-0.79) was found for the integrity of the EZ and the configuration of the VMI. A weak agreement was found in terms of RPE atrophy (κ = 0.51), and minimal agreement was found for ELM integrity (κ = 0.35) [18] . Detailed information on the level of agreement of each evaluated parameter can be found in Table 2 . Cross tables for the variables VMI, RPE, EZ, and ELM integrity, which showed rather a weak agreement, can be found in online supplementary Tables 1-4 (for all online suppl. material, see www.karger.com/doi/10.1159/000456083).
In cases of disagreement between conventional 30° and 55° wide-field SD-OCT, alterations were usually detected on the 55° and missed on the 30° SD-OCT scans due to the greater extent of the 55° scan ( Table 2 ; Fig. 3 ). However, in some cases alterations were found on 30° but not on 55° SD-OCT: HE were seen in 1 patient on the 30° SD-OCT but were missed on the 55° SD-OCT ( Fig. 4 ) . In 1 eye, ELM disruption was found on the 30° scans but was missed on the 55° scan, whereas in 13 cases, ELM disruption was found on the 55° wide-field scans, with an intact ELM seen on the 30° scans. ERM was detected in 1 patient on the 30° scan, but was missed on the wide-field SD- Fig. 3 . Representative example of a patient with RPE atrophy due to laser scars on 55° OCT (bottom), which were not apparent on conventional 30° OCT (top).
OCT, whereas another patient showed an ERM on the 55° scan, which was not found on the conventional SD-OCT. GCL cysts were discovered in 1 patient on 30° scans and missed on 55° scans, whereas 3 patients had GCL cysts on 55° SD-OCT which were not seen on 30° SD-OCT. Thus, in 4 cases disagreement was due to the fact that alterations were found on 30° OCT, but were missed on 55° SD-OCT. The remaining discrepancy was due to the greater field of view on 55° SD-OCT, and alterations were detected on the 55° and missed on the 30° SD-OCT scans.
Subanalysis according to the Presence of Panretinal Photocoagulation
Twenty-six eyes (52%) had panretinal photocoagulation (PRP) laser scars. One eye (2%) had focal laser scars in the macula. The subgroup with PRP laser scars showed minimal agreement in respect to the integrity of the RPE (κ = 0.15, p = 0.1), the EZ (κ = 0.17, p = 0.09), and the ELM (κ = 0, p = 1). In contrast, the group without prior PRP laser treatment presented strong agreement among these features (RPE integrity: κ = 0.82, p ≤ 0.001; EZ integrity: κ = 0.92, p ≤ 0.001; ELM integrity: κ = 0.5, p = 0.009). Cross tables of respective parameters can be found in supplementary Tables 1-3 .
Discussion
Wide-field images including color fundus imaging, fluorescein angiography, and fundus autofluorescence are currently being introduced into clinical practice and are of particular interest to explore peripheral changes associated with various diseases such as diabetic retinopathy and uveitis, but also age-related macular degeneration. Wide-field OCT is a new method and of great interest especially when both the periphery as well as the posterior pole need to be assessed in a single scan [11] . So far, widefield and ultra-wide-field OCT were used in order to describe the peripheral retinochoroid morphology and peripheral changes associated with retinitis pigmentosa, choroidal nevi, choroidal melanomas, acute exudative polymorphous vitelliform maculopathy, macular holes, and congenital X-linked retinoschisis [6, 8, 10, 11, 19, 20] . This is the first study to compare conventional 30° with 55° wide-field SD-OCT using a predefined scanning pattern and grading protocol in order to assess whether widefield SD-OCT may also offer potential benefit in diseases mainly confined to the macular area, and whether it may allow a more precise detection of morphological features outside conventional 30° OCT. We found a strong agreement between both image modalities for morphological features such as IRF, SRF, HE, CWS, and MA. The agreement for the configuration of VMI, ELM, and RPE integrity however was only moderate to weak. This implicates that 55° SD-OCT may provide additional information also in diseases mainly restricted to the posterior pole.
The VMI was one morphological feature with only a moderate agreement between both images. These discrepancies can possibly be explained by the greater scanning angle of 55° that allows the visualization of a larger retinal area and therefore a more precise evaluation of the VMI. Correct assessment of the VMI is of particular interest, given that the configuration impacts the treatment response and treatment need in DME, but also in exudative age-related macular degeneration and CME due to uveitis or retinal vein occlusions [17, 21, 22] . Wide-field OCT studies showed that the vitreous interface can be clearly delineated using this imaging technique [8, 10, 19] . These findings emphasize the critical role of the correct assessment of the vitreous cortex in respective diseases, which may be facilitated using wide-field SD-OCT.
Beside the VMI, there was also only a moderate to weak agreement in terms of ELM and RPE integrity. This is easily explained by the subgroup analysis in respect to prior PRP treatment: eyes without PRP laser scars showed a strong agreement in respective parameters, whereas eyes with PRP laser scars had only a weak agreement. In conventional 30° SD-OCT, these laser burns with associated loss of the photoreceptor layer and RPE atrophy will not be identifiable; however, using a wide-field scan which extends beyond the vascular arcades allows the depiction of respective laser burns on SD-OCT.
Although most of the discrepancies between 30° and 55° SD-OCT were due to the fact that additional alterations outside of the 30° range were found on 55° OCT, some discrepancies originated from the fact that features were missed on 55° OCT, but were identifiable on 30° SD-OCT. The higher resolution on the 30° images may be the underlying reason for these findings. Conventional 30° as well as 55° wide-field images were attained in high-speed mode, which resulted in a resolution of 768 pixels on the x axis and 496 pixels on the z axis. This resulted in a higher horizontal resolution of 11.74 μm/pixel in the conventional OCT scans compared to 19.95 μm/pixel in the wide-field scans, which may explain that in some cases, morphological alterations such as HE were missed on the 55° image. Another explanation may be the fact that although in both scans a horizontal area of 25° was imaged with particular attention to the best possible alignment of each scan of both raster scans, the single scans were not always on the exact same location [23] . This may have led to the presence of respective alterations on one scan but absence on the other scan and should be considered as a limitation of this study.
Although the concordance for the overall presence of IRF was 1.0, in some patients additional peripheral IRF in the INL, GCL, and RNFL was identified on the widefield SD-OCT. The question whether these additional findings would change the treatment regimen in these patients and/or involve different treatment approaches goes beyond the focus of this paper. Whether the identification of additional extrafoveal IRF may require additional focal/grid laser because of the extrafoveal location of the macular edema or anti-VEGF treatment may be individually discussed. One may also argue that there is no need of additional treatment due to the extrafoveal location of the IRF. According to the American Academy of Ophthalmology preferred practice patterns, the treatment of choice in center-involving DME is anti-VEGF therapy with possible subsequent or deferred laser treatment [24] . Non-center-involving DME should be treated with focal/grid laser [24, 25] . Whether the identification of additional IRF beyond the central 30° would result in additional treatment and whether patients would really benefit from additional treatment remains elusive based on our data, and future studies are warranted in order to explore the benefit of wide-field OCT to optimize treatment decisions for macular diseases.
The limitations of this study include the fact that the scans of the conventional and the wide-field SD-OCTs were aligned manually due to lack of a rescanning feature between the two lenses. As such, there may have been some degree of misalignment.
In conclusion, we here compare for the first time conventional 30° SD-OCT with 55° wide-field SD-OCT in DME. Further studies are warranted to delineate the potential role of wide-field SD-OCT imaging in daily clinic and in the management of macular diseases such as DME and exudative age-related macular degeneration. In particular, prospective studies are needed in order to explore the benefit of wide-field OCT in the treatment decisionmaking for macular diseases.
